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XII.—On the Mode of Growth and Increase amongst the Corals of the
Palaeozoic Period. By H. ALLEYNE NICHOLSON, M.D., D.Sc, F.R.S.E.,
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The mode of growth and increase amongst the Coralligenous Actinozoa in
general has been more or less fully treated of by various observers, including
such distinguished naturalists as MILNE-EDWARDS, and HAIME, DANA, MARTIN
DUNCAN, FROMENTEL, AGASSIZ, and others. I do not, therefore, in the present
communication propose to pass the whole of this subject in review, but rather
to consider the general and special peculiarities of growth and non-sexual
reproduction exhibited by the corals of the Palaeozoic Period alone. Many of
these peculiarities are of great interest, both from the stand-point of the palaeon-
tologist, and also as concerns the systematic zoologist, and they have not yet
met with all the attention they deserve. To carry out this inquiry, it will be
necessary first to consider the general phenomena exhibited by the Palaeozoic
corals, as regards their mode of growth and increase. We may then examine
the bearing of these phenomena upon various points connected with the classi-
fication of these ancient corals, and more especially upon their generic and
specific affinities and differences. Finally, we may briefly consider the relations
which exist between different parts of a compound corallum as regards their
growth, and their influence upon the ultimate form of the colony.
I. GENERAL MODES OF GROWTH IN THE PALAEOZOIC CORALS.
The Palaeozoic corals belong, as is well known, almost exclusively to the
groups of the Rugosa and Tabulata, and it is with these, therefore, that we are
chiefly concerned. The Tubulosa, however, are wholly Palaeozoic, and the
Aporosa and Perforata are not altogether unrepresented. None of these three
last-mentioned groups, as regards their Palaeozoic representatives, exhibit any-
thing in their mode of growth which is not shown by some member of the
Rugose or Tabulate divisions, and they will, consequently, require nothing more
than incidental mention. The general methods of growth and increase exhibited
by the Palaeozoic corals, may be considered under the following heads:—
A. Simple Calicular Gemmation.—This mode of increase has not been suffi-
ciently distinguished as a separate form of growth; though it is not very
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uncommon in certain of the Palaeozoic corals, and gives rise to exceedingly
well-marked results. In what is usually understood by calicular gemmation, the
oral disc of the primitive polype produces two or more buds; these in turn
repeat the process, and ultimately we have a mass of an inverted pyramidal
shape, composed of numerous corallites diverging from the base. In the
particular mode of growth to which I propose to apply the term of " simple"
calicular gemmation, there is a well-marked modification of the above. The
corallum, originally simple, after growing to a certain extent, sends up from its
oral disc a single bud. The primitive calice may or may not be more or less
completely obliterated by the gradual growth and extension of the epitheca
over it; and the secondary bud may or may not produce a tertiary bud in the
same manner as that in which it was itself produced. In any case, the mode
of increase is by the production of single buds from the calicine disc, and, con-
sequently, the resulting form of the corallum is in all cases altogether different
to what is seen in the ordinary method of calicular gemmation.
I have, so far, only observed simple calicular gemmation in certain of the
Cyathophyllidce and Cystiphyllidce, and it differs in different cases as to the extent
to which it is carried. In Cystiphyllum squamosum, Nich., from the Devonian
of Ohio, the primitive corallite seems never to produce more than one bud.
This is developed from near the centre of the primitive calice, and has a direc
tion more or less perpendicular to the plane of the old calice (or to the axis of
the old corallite, with which the plane of the calice nearly coincides). In Cysti-
phyllum Ohioense, Nich., also from the Devonian of Ohio, most individuals of
the species are simple. Others, however, throw up a single bud from the
centre or one side of the primitive calice; but this bud, instead of being more
or less perpendicular to the axis of the coral, as it is in C. squamosum, is usually
continued in the direction of the original corallite. In Cystiphyllum vesicu-
losum, Goldfuss, again, the process of calicular gemmation is carried much
further than in the two preceding forms. When the corallum in this species
has attained a certain growth, it commonly, though not invariably, sends
up a new bud from some point in the calice, generally directly above the
old one; and this, too, continues to grow for a certain period. A third bud
may then be produced in a like manner, and a fourth, fifth, or sixth may be
similarly generated, until the aged corallum may consist o'f a series of short
turbinate cups or inverted cones, superimposed one upon the other, the younger
upon the older. In a general way, the successively produced corallites conform
more or less in direction with the primitive one; but this is by no means univer-
sally the case, and the resulting form of the entire corallum is thus often very
irregular and peculiar. The old cups are usually quite distinct; but they
may be more or less completely obliterated by the gradual growth and extension
of the epitheca over them. In these cases it becomes sometimes difficult to
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distinguish the remains of the old cups from particularly strong and well-marked
" accretion-ridges." There is, however, strong reason for believing that the
production of accretion-ridges and the simple form of calicular gemmation just
alluded to, are merely different degrees of the same physiological process.
Simple calicular gemmation is also particularly well exhibited in many
examples of Heliophyllum Halli, Edw. and H.; though not as the only method
of increase in this fine species. Sometimes the primitive corallite produces no
more than one new cup, which it throws up from one side of the calice, and in
such cases both the original and the secondary corallite usually attain consider-
able dimensions. In other examples several cups are produced successively,
till the corallum may be composed of six or eight shortened corallites, arranged
in a vertical series, and each springing from some portion of the calice of its
predecessor. This mode of growth causes a considerable irregularity of form,
old examples looking like a succession of inverted cones inserted into one
another, the curvature of the whole mass being often rendered irregular by the
bending of the successively produced corallites in different directions.
It seems extremely probable that the peculiar form of simple calicular gem-
mation, which I have just noticed as occurring in Cystiphyllum vesiculosum and
Heliophyllum Halli, may really be due to some peculiarity in their surrounding
conditions. Thus, examples of these species collected from the calcareous
deposits of the Corniferous Limestone exhibit" acretion-ridges," but do not, so far
as I have seen, produce a vertical series of cups. This latter mode of growth,
on the other hand, is very common in specimens collected from the argillaceous
beds of the Hamilton Group. It may therefore be suggested that the stimulus
to the production of calicine buds in this peculiar fashion is, perhaps, to be found
in the slow but regular deposition of fine clayey sediment, which ultimately
buries the original polype to the lips, and thus threatens its existence.
B. Compound Calicular Gemmation.—In the ordinary method of calicular
gemmation, to which I would apply the name of " compound," the primitive
corallite throws up from its calicine surface two or more buds, which, after
reaching a certain size, in most cases repeat the process. In the typical examples
of this mode of growth, as exhibited in such a coral as Cyathophyllum trun-
catum, Linn., the primordial corallite attains no great size before commencing
to bud; the buds produced are two or more in number, and they repeat the
process. The necessary result of this is, that the aged corallum assumes the
form of an inverted pyramidal mass, the base of which is formed by the primitive
corallite. From the calice of this the secondary corallites diverge, and the sur-
face of the entire mass is flattened or slightly convex. The calices of the second-
ary corallites, and the corallites themselves, may remain more or less com-
pletely separate, as is usually the case in Cyathophyllum truncatum. At other
times the corallites are more intimately united by their walls, and the corallum
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becomes truly astrseiform, as is seen in such a species as Cyathophyllum regium,
Phill., and in many other instances. It is to be remembered, however, that
many of the astrseiform corals, though often adduced as examples of calicular
gemmation, really owe their form to a process which would be more appropriately
termed "calicular fission."
In other cases,compound calicular gemmation gives rise to fasciculate corals,
as is well seen in forms such as Cyathophyllum articulatum, Wahl., and Erido-
phyllum strictum, Edw. and Haime. This peculiarity is partly due to the fact,
that the secondary corallites remain cylindrical, without expanding materially ;
that they rise side by side without uniting, and without greatly diverging; and
that their vertical growth is continued for a considerable period before they in
turn give rise to calicine buds. Another cause for their fasciculate form is,
however, to be found in the fact, that in these cases true parietal gemmation is
often combined with true calicinal budding. There need, therefore, be no sur-
prise at the assumption by such coralla of the fasciculate form, which is so
commonly found associated with parietal gemmation.
Finally, there is a peculiar modification of compound calicular gemmation,
which I have observed to occur in certain examples of Heliophyttum Halli. In
this modification, the calice of the primitive corallite throws up a number of
buds ; but the former does not seem to feel the stimulus to gemmation till it
has reached a great age, and a corresponding size. The result of this is, that
the secondary corallites remain more or less aborted, and do not appear to have
sufficient energy to repeat the process of budding. Hence, in these cases, we
have the fully-developed and often comparatively gigantic parent corallite, sur-
mounted by a tuft of small undeveloped secondary corallites, springing from
different points in its calicine surface.
C. Basal Gemmation.—This mode of increase, better known as " marginal"
or " circumferential" gemmation, is effected by the extension from the base or
margin of the original polype of a portion of its substance, which throws up a
bud, and is ultimately converted into a new polype. V-ery different forms are
produced in this way, according as the new buds are formed along definite lines
or stolons, or are developed in a regular manner all round the circumference of
the primitive mass. It is hardly requisite to add, that in the case of all com-
pound coralla produced in this manner, the youngest corallites occupy the margin
of the colony, whilst the oldest are placed in its centre.
So far as the Palaeozoic corals are concerned, marginal gemmation is perhaps
most perfectly and unmixedly exhibited by those forms which constitute thin
crusts, parasitic upon foreign bodies, and composed of exceedingly short coral-
lites. This is the case, for instance, with some of the encrusting species of
Chcetetes, such as C. Ortoni, Mch. (Lower Silurian), and C. quadrangularis,
Nich. (Devonian). It is likewise the case with such a totally diverse type of
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coral as the Lower Silurian Protarea vetusta. In forms such as the above we
have basal gemmation in its purest form, constituting the only method of
increase ; and in all such the colony increases in dimensions solely by the
addition of new corallites at the margins or circumference of the mass. There
are, however, many cases in which increase is effected by a combination of basal
gemmation with some other mode of growth. Thus, in all the typical species
of the genus Syringopora, the colony extends itself laterally by marginal bud-
ding, whilst it is at the same time increasing vertically by means of parietal
gemmation. The same is also true, though to a more limited extent, in the
Tubulose genus Aulopora. In most, if not all, of the massive species of Favo-
sites, again, in such massive forms of Chcetetes, as C. petropolitanus, Pander,
in the massive species of Heliolites and its allies, in the genus Fisiulipora, and
in many other Palaeozoic corals, there is a combination of basal gemmation, with
a peculiar form of lateral gemmation, or with fission. Basal gemmation, pure
and simple, is therefore to be regarded as of comparatively rare occurrence
amongst the ancient corals, and perhaps is only seen in those forms which con-
stitute very thin crusts, the corallites of which are all of nearly equal height, and
which do not tend to increase vertically.
D. Parietal or Lateral Gemmation.—Parietal or lateral gemmation is one of
the commonest and best known of all the modes of increase of the coralligenous
Actinozoa; and it consists in the production by the parent corallite of a bud at
some point in its walls, between the lip of the calice and the base. Sometimes
the primitive corallite may not produce more than one or two of these lateral
buds. More commonly the secondary buds repeat the process of gemmation,
and in a very great number of instances there is a combination of basal with
lateral budding; so that whilst the corallum is increasing in height by virtue of
the latter process, its lateral limits are simultaneously extended by the former.
Excellent examples of parietal gemmation amongst the Palaeozoic corals may
be found in the genus Diphyphyllum, in some of the species of Eridophyllum, in
Lithostrotion and Syringopora, and in certain species of Cyathophyllum, Cysti-
phyllum, Pachyphyllum, and Heliophyllum. The general form of corallum pro-
duced by means of parietal gemmation varies greatly in different cases. The
typical form, so far as regards the Palaeozoic corals, may be regarded as being
the more or less loosely fasciculate corallum of Diphyphyllum arundinaceum,
Billings, D. Archiaci, Billings, Eridophyllum Verneuilanum, Edw. and H.,
Cystiphyllumfruticosum, Nich., the ordinary form of Cyathophyllum ccespitosum,
Goldfuss, Lithostrotion irregulare, Phill., and many other species which could be
mentioned. In these cases the corallites are more or less elongated and cylin-
drical in form, and are not actually amalgamated with one another, being, on the
contrary, usually separated by slight but conspicuous intervals; the buds are
produced at compartively long intervals, and the parent corallites continue to
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grow without being injuriously affected by the production of their buds; whilst
all the stems preserve an approximate parallelism with one another, or only
diverge slightly in proceeding from the base.
In other cases, as in Heliophyllum proli/erum, Nich. and H., subccesjntosum,
Nich, the principle of growth is the same as in the preceding, but the parent
corallite does not produce more than one, two, or three lateral buds.
In other cases, as in Lithostrotion basaltiforme, the method of growth is
the same, but all the corallites are in close contact; and in others they
become actually amalgamated by their walls, giving rise to a regular astraeiform
corallum.
As has been before mentioned, parietal budding may be combined with
other modes of growth, when its existence is sometimes difficult to demonstrate.
Thus, it may be combined with calicular gemmation (Eridophyllum strictum,
&c), or with basal gemmation (most of the species of Favosites, Chcetetes,
and Syringopora). These complex methods of growth may give rise to simply
fasciculate coralla, as in the species of Eridophyllum just alluded to; but they
more commonly result in the production of a massive corallum. This latter
result is well exhibited by forms like Favosites Gothlandica, Lam., F. hemis-
pherica,Yand. and Shumard, and Chcetetes {Monticulipora)petropolitanus, Pander.
In these and similar cases, the corallum is usually of a more or less hemispheric
or subspherical, or pyriform shape, and is composed of corallites, which diverge
more or less from an imaginary axis, a basal point, or a basal plane. The
corallites are closely contiguous, but are not amalgamated by their walls; and
the increase of the corallum is effected partly by the production of buds round
the margin of the mass, and partly by the interpolation of new corallites,
produced by lateral gemmation from the sides of the old tubes. As will be
noted however, subsequently, it is often extremely difficult to decide in certain
of these cases whether the growth has been produced by fission, or by lateral
gemmation.
E. Increase by Fission.—Fissiparous growth amongst the corals is effected
by the cleavage or division of the calice, so that two corallites are produced out
of one. This process is so well known, that it will not be necessary for me to
enter into any details about it, further than to notice certain of its modifica-
tions, as exhibited amongst the Palaeozoic corals. The chief practical point to
be observed is, that there is great difficulty, in many instances, in distinguish-
ing between corals formed by fission and those produced by parietal gemmation
on the one hand, and calicular gemmation on the other hand. In many cases
the distinction is, of course, an easy matter; but in others the results are ex-
tremely similar, though the processes by which they are brought about are very
different. Some of these resemblances I shall discuss at a later stage; in the
meanwhile, it is sufficient to point out the general reason of their occurrence.
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It is obvious, namely, that a fasciculate corallum, similar, for example, to that
of Lithostrotion irregulare, may very readily be produced by the repetition of
the fissiparous process, provided only that the fission involve but a portion of
the parent calice,—that the original corallite continues to grow, and that the
new corallite extend itself in a direction approximately parallel to that by which
it was produced. In the same way, fission is perfectly capable of producing a
massive astrseiform corallum, perfectly similar in its appearance to one which
may owe its form to calicular gemmation. Without entering here into further
details as to these perplexing resemblances, it need only be added, that the case
is not uncommonly complicated by the coexistence of fission with gemmation in
the same coral.
II. CLASSIFICATORY VALUE OF THE MODE OF GROWTH.
Under this head we have to consider what value is to be attached to the
mode of growth of the corallum from a purely systematic point of view; and I
hope to be able to show that its importance has been generally over-rated, so
far at any rate as fossil corals are concerned. It has, namely, been generally
assumed that difference in the mode of growth is to be regarded as being at
least of generic value, and not a few genera are based essentially upon this
alone. In the case of recent corals, where we are acquainted with the soft parts
of the actinosoma, the mode of growth is doubtless a most important help to
arriving at a correct classification. In the case, however, of fossil corals, where
we must be guided solely by the nature of the skeleton, there appear to be good
reasons for believing that too much stress has been laid upon the mere mode of
growth.
^a. In the first place, there is often extreme difficulty in the case of fossil
corals in determining what the mode of growth actually may be. Two instances
will be sufficient to exemplify this. Thus, the genera Chcetetes, Fischer, and
Monticulipora, D'Orbigny, include a number of corals which are in most respects
precisely similar, being composed of closely aggregated polygonal, circular, or
sub-circular corallites, traversed by well-developed tabulae, with imperforate
walls, and either without septa, or with these structures in a very rudimentary
condition. The sole distinction by which the two genera are separated is, that
the corallum of Chcetetes, as redefined by LONSDALE and M'COY, and as accepted
by MILNE-EDWARDS and HAIME, is stated to increase by the subdivision or
fission of the tubes; whereas the mode of growth in Monticulipora is stated to
be by gemmation. This distinction, however, is one which it is extremely dif-
ficutl, if not impossible, to apply in practice. The truth of this remark is shown
by the fact, that the msot eminent palaeontologists have arrived at precisely
opposite conclusions as to the mode of growth of the same species. Mr
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LONSDALE, for example, regards the well known Chcetetes petropolitanus, Pander,
as increasing fissiparously, and consequently places it in the amended genus
Chcetetes. MILNE-EDWARDS and JULES HAIME, on the other hand, regard the
same species as increasing by gemmation, and consequently refer it to the genus
Monticulipora. If this discrepancy of opinion is possible about such a large,
massive, and common species as C. petropolitanus, we must conclude that this
distinction is quite valueless when we have to deal with many of the minute
corals which belong to one or other of these groups. Upon the whole, there-
fore, even if we were to admit as a matter of theory that the mode of growth
is of itself sufficient to constitute a generic distinction, we should be forced to
conclude that the difficulties in the way of its application to many fossil corals
are so great, that it becomes practically useless. It may be added in this con-
nection, that in the corals which belong to Chcetetes or Monticulipora, in which
gemmation is clearly the chief or only mode of increase, the method in which
gemmation is carried out, nevertheless, differs very widely in different species.
Thus, the thin encrusting forms, like C. Ortoni, Nich., and C. quadrangularis,
Nich., undoubtedly increase by basal or marginal gemmation alone. The ramose
or dendroid species, like C. pulchellus, Edw. and H., C. Fletcheri, Edw. and
H., and other similar forms, increase by lateral or interstitial gemmation. The
more massive forms, like C. petropolitanus, Pander, appear to increase by a
combination of lateral with basal gemmation. Finally, the strictly frondescent
species, such as C. mammulatus, Edw. and H., and C. clathratulus, James, which
consist of two layers of corallites directed in opposite directions from a median
plane, appear to increase wholly by basal gemmation.
Again, considerable difficulty has been met with in the separation of the
genera Lithostrotion and Diphyphyllum, in consequence of the fact that the
mode of increase has been taken as one of the most important elements of the
generic diagnosis. In the forms now usually referred to Lithostrotion, the mode
of increase is clearly by lateral gemmation, the resulting corallum being some-
times compact and astrseiform, sometimes fasciculate. The genus Diphyphyllum
was founded by LONSDALE for forms which closely resemble the fasciculate
species of Lithostrotion, but which this eminent palaeontologist believed to in-
crease fissiparously. It is now certain, however, that the mode of increase in
Lithostrotion and Diphyphyllum is identical, both increasing by lateral gemma-
tion. The real distinction between the two genera is to be found in the fact
that a columella is present in Lithostrotion, whilst this structure, in spite of the
doubts of MILNE-EDWARDS and HAIME, is certainly absent in Diphyphyllum.
It seems wise, however, to conclude that a point upon which the most eminent
authorities may differ should not be employed prominently in determining the
generic position of fossil corals, the difficulties in the way of its practical appli-
cation being so great as to preclude its use for this purpose.
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b. In the second place, there are not a few instances in which the mode of
increase differs widely in individuals even of the same species. Thus, in Helio-
phyllum Halli, Edw. and H., the ordinary individuals are truly simple and do
not produce any buds at all; other individuals exhibit simple calicular gemma-
tion, and form a vertical succession of cups produced singly and successively
in the same longitudinal axis; other examples exhibit a modification of com-
pound calicular gemmation, in which the aged corallum throws up a tuft of
small and abortive corallites from its calicine surface, whilst a few individuals
show the ordinary and typical form of compound calicular budding. In Cyatho-
phyllum ccespitosum, Goldfuss, again, the mode of growth is typically by calicular
and lateral gemmation combined with one another; but other examples of the
species are stated by D'ORBIGNY, M'COY, and MILNE-EDWARDS, and HAIME to
increase by fission. Finally, there are numerous instances in which the form
of the corallum, within the limits of the same species, becomes very mutable in
consequence of variations in the mode of growth. Thus, the same species may
be at one time fasciculate, and at another time astrseiform, or at one time
massive, and at another time ramose.
c. In the third place, the small classificatory value of the mode of growth of
the corallum, comparatively speaking, is strongly shown by the marked and
striking variations in this particular exhibited by closely allied species of the
same genus. Very many examples of this could readily be brought forward,
but a few will be sufficient. In the genus Cystiphyllum, for example, we find
species such as C. vesiculosum, Goldfuss, C. Americanum, Edw. and H., C.
grande, Billings, C. mundulum, Hall, C. Ohioense, Nich., C. cylindricum, Lons-
dale, C. Grayi, Edw. and H., C. Senecaense, Billings, C. Siluriense, Lonsdale,
and C. squamosum, Nich., in which the corallum is either invariably simple, or
at most produces a few buds by a process of simple calicular gemmation. In
Cystiphyllum fruticosum, Nich., however, we find a truly compound corallum,
which has the internal structure peculiar to the genus, but possesses a fascicu-
late form, and increases by lateral gemmation; whilst in C. aggregatum, Billings,
the corallum is also compound, and is produced either by lateral budding or by
fission. In the genus Eridophyllum, one species (E. strictum, Edw. and H.),
increases principally or solely by calicular gemmation; but others (such as E.
Verneuilanum, Edw. and Haime, and E. Simcoense, Billings), multiply by
means of lateral budding. In the great genus Cyathophyllum, some species,
such as C. ceratites, Goldfuss, C. obtortum, Edw. and H., C. Damnoniense, Phill.,
C. Zenkeri, Billings, C. helianthoides, Goldfuss, and the like are quite simple.
Other species of the genus, such as C. truncatum, Linn., increase exclusively by
means of calicular gemmation. In others, such as C. ccespitosum, Goldfuss, and
C. articulatum, Wahl., we have a combination of calicular with lateral gemma-
tion. In others, such as C. cequiseptatum, Edw. and H., C. radiums, Goldfuss,
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and C. Steiningeri, Edw. and H., growth is by lateral gemmation; whilst dicho-
tomous fission is stated to occur in some examples of C. ccespitosum, Gold.
Examples very similar to the above could be drawn from other genera, and,
indeed, the same fact is proved by the common co-existence in the same genus
of simple and compound species. Some genera, such as Zaphrentis, Aulaco-
phyllum, Lophophyllnm, and the like, are so far only known as containing simple
corals. In fact, the existence of a simple corallum is usually given as one of
the characteristics of the entire family of the Zaphrentince. Even in this family,
however, there are genera in which future researches will probably place certain
compound forms. The genus Amplexus, for example, is usually stated to con-
tain only simple coralla. There exists, however, in the Niagara and Guelph
formations (Upper Silurian) of North America, and in the Corniferous Lime-
stone (Devonian) of the same country, a coral which has all the structural
peculiarities appertaining to Amplexus, but is truly compound, and grows in
fasciculate masses. One course, in this and similar cases, would be to affirm
that, being composite, it could not belong to the same generic group; but it
appears to be more philosophical to alter the received definition of the genus,
and to admit into it both compound and simple forms. Other instances in
Avhich the same genus contains both simple and compound species are so fre-
quent as not to require special mention. It only need be added in this connec-
tion that there are not infrequent instances in which both simple and compound
individuals are found in the limits of the same species. As examples of this
may be mentioned Heliophyllum Halli, Edw. and H., H. subccespitosum, Nich.,
and Diphyphyllum Archiaci, Billings.
d. Finally, it may be pointed out that precisely the same mode of growth,
even when this is very peculiar, is exhibited by corals belonging to the most
diverse groups. The best example of this that can be given is the existence of
the same kind of calicular gemmation in such distinct and remote genera as
Palceocyclus and Cyathophyllum, the one belonging to the Aporose division of
Zoantharia sclerodermata, the other being one of the Rugom.
e. The general conclusion from the above facts would seem to be that too
much stress must not be laid upon the mode of increase of the corallum as a
means of classification. When accompanied by other well-marked peculiarities
it has undoubtedly a classificatory value; but not otherwise. Allied forms in
the same genus often exhibit very different modes of growth; the same is true
in some instances even of the individuals of a single species, whilst forms
belonging to the most diverse groups may increase in the same way. Finally,
there is often such great difficulty in determining what is the true mode of
growth amongst the fossil corals, that this character, even if theoretically im-
portant, loses its value altogether when employed practically as a means of
separating different genera.
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I I I . RELATIONS BETAVEEN THE GROWTH OF DIFFERENT PARTS OF A
COMPOUND CORALLUM.
Amongst the various circumstances which conspire to regulate the growth
of the corallum, one of the most important is to be found in the presence or
absence of a common epitheca. As a general rule, the existence of a common
epitheca more or less limits the growth of the colony, and the corallum
assumes a compact and more or less definite form, as is well seen in the massive
species of Favosites, in Michelinia, and in certain species of Chcetetes and
Aheolites. On the other hand, the absence of a common envelope is usually
attended by a more or less lax or spreading mode of growth, as is well seen in
the fasciculate coralla of Diphyphyllum, Eridophyllwn, Syringopora, and the
compound Cyathophytta, as well as in many other forms.
Even where a common epitheca is present, however, there are great differ-
ences as to its form and development. In some cases, as in Favosites
Gothlandica, Lam., Michelinia convexa, D'Orb., and other species of the same
genus, Strombodes Murchisoni. Edw. and H., Acervularia luxurians, Eichw.,
and other forms, the corallites radiate from a basal point, and the corallum
has a more or less pyriform or sub-spherical shape, with a pointed base. The
epitheca covers the under surface of the base, and envelopes the outer sides of
the peripheral corallites; but the corallum increases mainly in height, and
the accompanying increase in diameter is effected by the intercalation of new
corallites between those already existing. In other cases, as in most examples
of Favosites hemispherica, Yandell and Shumard, in Fistulipora Canadensis,
Billings, Aheolites Goldfussi, Billings, Chcetetes petropolitanus, Pander (in its
typical form), and in many species of Heliolites, the epitheca forms an approxi-
mately flattened plate, to which the corallites are directed more or less at right
angles, and upon which they rest by their bases, and not by their sides. In
these cases, therefore, the corallum usually has the general form of a flattened
or plano-convex expansion, which may increase laterally to almost any extent
by means of basal or parietal gemmation. At the same time, the vertical
growth of the corallum is often carried on by the interstitial addition of fresh
corallites, or even by the superposition of additional layers of tubes.
In still another group of cases, namely, in Favosites turbinata, Billings, and
in some examples of F. Forbesi, Edw. and Haime, the corallum has more or
less of a cylindrical or turbinate shape, and the corallites radiate outwards from
a central line, so as to open on the surface nearly or quite at right angles to
the axis of the colony, except at its upper portion. The epitheca, which at
iirst must be confined to the actual base of the colony, in these cases continues
to grow, and gradually spreads over the calices of all the inferior corallites.
Thus it comes to pass that in an adult example of F. turbinata we have an
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inversely conical mass, the broad upper end of which is convex; and it is only
at this upper end that the calices are actually open, or the corallites are truly
alive. The whole of the lateral surfaces of the colony exhibits calices also,
but these are covered by a well developed epitheca, through which they can
be more or less dimly discerned.
Another circumstance which has a good deal to do with the growth
and increase of the compound coralla, is the presence or absence of a
coenenchyma, and the extent to which it is developed when present. In
none of the compound Palaeozoic corals is the coenenchyma a very con-
spicuous feature, and it is usually altogether wanting. Even when present,
there may reasonably be entertained considerable doubts as to its true
nature. In Heliolites and its Palaeozoic allies it is possible that we have
to deal with a true coenenchyma, comparable to that of Millepora. In
these cases the corallites are very markedly larger than the tubuli of the
coenenchyma, and are further distinguished by being septate. In Fistulipora,
again, we have a transitional form, the corallites not being very greatly larger
than the so-called ccenenchymal tubuli, and agreeing with them precisely in
structure. The question arises, therefore, whether these tubuli are to be
regarded as constituting a proper coenenchyma, or whether they are not really
of the nature of aborted or rudimentary corallites. Several facts would favour
the latter view. Thus, in Constellaria (Stellipora), and in some species of
Cattopora, the difference between the larger and smaller tubes is not very
striking, and the latter may well be nothing more than imperfect corallites.
In many species of Chcetetes {Monticulipora), further, the corallum is composed
of three sizes of tubes, some unusually large, others of medium dimensions,
and others very minute. The large tubes are comparatively few in number,
are usually aggregated into definite groups, and are undoubtedly corallites.
The medium-sized tubes form the bulk of the corallum, and are also undoubtedly
corallites. The smallest tubes may be placed simply at the angles of the
normal calices, when they would seem to be certainly young or rudimentary
corallites; or they may be collected as well into groups occupying definite
spaces. In this latter case it is uncertain whether they are to be regarded as
being small corallites, or as belonging to the coenenchyma, though I strongly
incline to the former view. Additional support is given to this view by a
consideration of species like Favosites hemispherica, Yand. and Shumard, and
F. dubia, De Blainville. In the first of these we find, in many specimens, a
most marked and extraordinary singularity in the size of the calices, but not
at all as is seen in such a species as F. Forbesi, where the small calices are
simply scattered irregularly amongst the larger ones. On the contrary, we
have here the curious phenomenon that whilst the majority of the corallites
have a certain average size, there are whole tracts, quite irregular in shape and
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size, occupied by corallites which may be smaller by one half than the normal.
In F. dubia, again, the corallites are normally of two sizes, small and large,
the small nearly equalling the large in number, and being everywhere distributed
amongst them.
The remaining causes which influence the form and mode of growth amongst
the compound Palaeozoic corals are of secondary importance, and need merely
be alluded to. The relations of the different corallites of a compound corallum
to one another vary greatly in different species, and sometimes even in different
individuals of the same species, and the general form of the colony necessarily
exhibits a corresponding variability. When the corallites are in close contiguity,
with or without absolute fusion and amalgamation-of their walls, then we get
compact corals, as in Columnaria, Favistella, Columnopora, Favosites, Chcetetes,
Michelinia, &c. On the other hand, when the corallites are not closely
contiguous, then we get fasiculate corals, as in Syringopora, Diphyphyllum, &c.
Even where the corallites are contiguous, the form of the whole corallum is
very variable, though any given portion of it is compact; the variations
depending on laws of which we are at present very ignorant. Such coralla are
typically massive; but they present themselves also in the form of dendroid
or ramose growths, thin flattened horizontal expansions or vertical fronds, or
sometimes as thin parasitic crusts ; and all these variations may be found
within the limits of a single genus. In certain instances, as in Favosites, the
corallites though contiguous are not united by their walls; in other instances,
as in Favistella, such union takes place. In other cases, as in Phillipsastrcea,
the walls of the corallites are wanting, and the different members of the colony
are firmly united by the confluence of their septa. Finally, amongst the
fasciculate coralla the chief differences of form are due to the comparative
independence of the corallites (as in Diphyphyllum), or to the extent to which
the corallites may be united by exothecal processes {Eridophyllum, Syringopora,
Haimeophyllum, &c.)
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EXPLANATION OF PLATE.
Figure 1. A large example of Heliophyllum Halli, Edw. and H., producing a small tuft of rudimentary
corallites by calicular gemmation at the termination of its growth.
Figure 2. An example of the same, in which five calices have been produced in a vertical series by
simple calicular gemmation.
Figure 3. Another example of the same, in which a single secondary corallite has been produced by
simple calicular budding.
Figure 4. Another example of the same, in which ordinary compound calicular gemmation has occurred.
Figure 5. A simple individual of the same.
Figure 6. Another example of the same, composed of two closely amalgamated corallites, which have
either been produced by fission, or have grown accidentally side by side.
Figure 7. An example of Heliophyllum subccespitosum, Nich., showing lateral gemmation.
Figure 8. Another example of the same, showing the ordinary form of calicular gemmation.
Figure 9. Cystiphyllum squamosum, Nich., showing a secondary corallite, developed at right angles to
the original one by simple calicular gemmation.
Figure 10. Cystiphylhim Ohioense, Nich., showing a secondary corallite developed in the axis of the
original one by simple calicular gemmation.
(All the specimens figured are from the Devonian formation, and all are drawn of the
natural size.)
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